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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1049

ANATLYSIS OF AVAILABLE DATA ON THE EFFECTS OF TABS
ON CONTROL~SURFACE HINGE MOMENTS3

By Stewart M. Crandall and Harry E. Murray
SUMMARY

An analysis was made of the hinge-moment effective-
ness of tabs based on the available two- and three-
dimensional tab data. The results of the analysis indi-.
cated that the effects of tabs on control-surface hinge. .
moments can be estimated from geometric characteristics
of the tab-flap-alrfoll combinetion with a reasonable
degree  of accuracy.

In general the tab effect on the control-surface
hinge moments 1s reduced by increasing the alrfoll
trailing-edge angle and by any alteration of the airfoil
surface condlition or of the air stream, such as moving
the transition forward, roughening the surface, or
increasing the turbulence, that tends to increase ths
boundary-layer thickness near the trailing-edge. The tab
hinge-moment effectiveness may eilther increase or decrease
with Reynolds number. Whether an increase or a decrease
occurs depends on the range of Reynolds number under
consideration and on the surface condition of the airfoll,

Gaps at flap and tab hinges reauced the effect of
tabs on flsv hinge moments, the reduction resulting from
tab gaps generally being so large as to make seals advisa-
ble. No consistent variation wlth angle of attack was
found for the effect of tabs on hinge moments. A tab,
however, may retain a reasonabls part of its hinge-moment
effectlveness through - and beyond the stall. Flap deflec-
tion decreases the hinge-moment effectiveness of bslancing
tabs and increases that of unbalancing tabs.

The ‘avallable high-speed data indicated that the tab
hinge-moment effectiveness decreases as the Mach number
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increases; however, tabs may retain a relatively large
part of their effectiveness through the subcritlcal range
of Mach number.

INTRODUCTION

In an effort to provide satisfactory methods for
predicting control-surface charscteristics, the NACA has
undertaken a program of summarlzing, snalyzing, and cor-
relating the results of wvarious experimental investiga- .
tlons of salrplane control surfaces. 4 collection of
balanced-alleron test data 1s given in reference 1. Ref-
erence 2 presents & collection of data applicable to the
design of tail surfaces. The results of analyses of data
for control surfaces with internal balances, plain-
overhang and Frise balances, beveled tralling edges, and
unshielded horn balances have already been publlished in
references 3 to 6., An analysls of the 1lift effectiveness
of control surfaces 1s presented in reference 7. The
present report gives the results of an analysis of the
tab hinge-moment effectlveness based on the tab data of
references 1 and 2 with additional data from references 8
to 2D. The terms flap and control surface. are used
synonymously in the present report. The data were
obtained for the moat part under conditions of low
Reynolds number, high turbulence, and low Mach number.

No data are presented on ths tab 1ift effectiveness,
which determines the loss in control-surface lift effec-
tiveness resulting from balancing-tab action, because
this control~surface-1ift effect can be evaluated as
indicated by the snalysis of reference 7.

COEFFICIENTS AND SYMBOLS

2

h
Che ' flep section hinge-moment ccefflclent < f)
. qe,

H
Cp flap hinge-moment coefficient [ —i—
T - = 2
qcf bf

Cn tab hinge-moment coefficlent
t qc 2b
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PR .. resultent pressurs coefficient <?E—%¥Eé)

Pﬁt"” .. average of values of (3;?3 ‘along part of fiaé
‘balappe across tab spa; . N

¢y airfoll sectlon 1ift coefficlent <-qz—c>

where

A airfoil section 11ft

hp ~ flap section hinge moment

He flap hinge moment

He tab hinge:momeﬁt

o] dynamic pressure

c average airfell chord across tab span -

5t tab deflection with respect to-flap, degrees

ce average flap chord across tab Qpan

cp root-mean-square chord of flap

Cg root-mean-square chord of tab

Py static pressure on upper surface of airfoil

Py, statlec pressure on lower surface of alrfoil

bg span of tab

by span of flap

and

AChf increment of flap hinge-moment coefficiént

9 dynamlec pressure of elr stream over tab



Lo _ NACA TN No. 104S )

Cy faﬁﬁnagﬁ,bhord of everhang balancse. agrposs tab

. span .

E}' root—mean—square chord of .part 'of flap spanned
by tab

Cg average tab chord behind tab hinge line

tp average across tab apan of flap thickness at
flap hinge linse .

ot average across tab span of airfoil tralling-edge
angle _

¥4 distance from plane of symmetry to inboard end
of flap

T2 distance from plane of symmetry to outboard end
of flap o . oo

V3 dlstance from inboard end.of flap to inboard
end of tab

yh distance from inboard ehd of flap to outboard
end of tab - :

6p flap deflection with respect to airfoil chord,
degrees

a girfoll engle of attack

ay Induced sngle of attack

tip‘*chord \.
A taper ratlo
rocot chord
A agpect ratio
g baslic tab hinge-moment effectliveness curve

deduced from section data

B baslc tab hinge-moment effectiveness curve
deduced from finite-span dsta

T turbulence factor

R Réeynolds number
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M - Mach number : .
-0.69 o
Ko! preliminary chord factor 1 + O 51 e
(2
tcf
Kt area-moment factor —
bfcf
'tf 2
Ky balance factor {1 - 0. 85 e
ZCf
- /
Kg trailing-edge-angle factor (1.3 - 0.026¢)
0.70 f
Ke revised chord factor < ) + 0.51 —
06 _ : : )
-_— rate of change of tab deflectlion with respect to
d6p flap deflection for a linked tab
Subscripts
r flap
t tab
b balance
7} trailing~edge angle
c chord

The subscripts to partial derlvatives denote the factors
held constant when the partial derivatlve 1s taken.

DATA AND SCOPE

The data used in the correlation were obtained from

pressure-distribution tests on NACA 0009 sections summa-
rized in reference 2 and from force tests on various model
configurations, the tharacteristics of which are given in
tables I and II. "These data came from the following



& NACA TH No. 1049

ranges of tab varlabless tab-flap chord ratio from 0.10
to 0.50, flap-airfoll chord ratio from 0.12 %o 0.60, and
trailing-edge angle from 7° to 31°. Sufficient data .
-were avallable from which to draw guantltative conclusions
concerning the effects of changing the size of the tab
relative to the flap-airfoll combination, the effect of
tralling-edge angle, and the effect of control-surface
overhang balance on the tab hinge-moment effectiveness.
Insufficient data were availasble to determine quantita-
tively the effect of the psrameters that varled the teab
hinge-moment 'effectiveness by chenging the boundary-
layer thickness over the teab. Sufficient data were
availableg, however, upon which to base quallitative con-
clusions concerning such effects. '

BASIC ASSUMPTIONS

The following relatioﬁship glves the rate of change
of the total hinge-moment coefficlent wlth control-sur.ace
deflection for a control surface having a linked tab:

60hf> 3Ch%> d 6 ach€>

———— . -_— e 4 mm—— ———

08 o)

£ /g 8¢ @,y 6 \ 08¢ a,05

. T2 551-,( > 2 /3Cng
bfcfa d8p \ O8f 65f bﬁt

a,6p

. The first term represents the. hinge moment of the control
surface with tab fixed. The second term represents the
change in hinge moment resulting from tab deflection.
The third term represents the hinge moment required to
deflect a tab that ls linked.to the control surfeace.
Only the second term was ilnvestlgated for this report.

c
The important parameter is ( h) »» wWhich will
| 86y
., Q'_ 6f

herelnafter be referred to as "the tab- hinge*moment
effectiveness." A decrease in tab- ~hinge-moment
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"effectiveness will correspond to numerical values of

bCh
becoming nearer zero.
aat , .

Under the assumptions of liftingagine theory the
Ch
__r

5
r a,8¢

finite- span ‘hinge-moment parameters

OCha\ . i
and (:———5;) may be estimated from section dataﬂhy

means of the following equations (see reference 21)::

: .. — .
<—“ﬂ> |G, @
d8p a5y b Efa y1 o&f @, 6 b/2 |
L P b/a‘f - -
) <ach> < > ay 0e? a L)
- 65,64 e 5, G b/2 |
b/.?.
and : \ i
- Yo ‘g

s A.8 N ce ——
b/2  Yp/2.
. Vo L o _ .
1 . . L
©/2 « BN
o <°°hf> daN & es? a '<y>
. .—- ) , a A '-_-
Y1 oa 8r,0¢ \éﬁt é‘Z-.saf \b/2



if both flap and tab are constant percentage cherd and the tab covers
the full span of the flap, it can be shown from the two foregoilng equations
that .

~

(Ehch) _<bc'hf <c3chf 6Ch> <6chf

28 3¢ 3%
RN

A6y, a;ﬁf . .' 08¢ c1,0¢ : 56f a 6‘t:. 65.1; a,d

P

This equation represents the reduction in tab hinge-moment effectiveness
resulting from a change from infinite to finite aspect ratio.

-

70T *ON NI VOVN
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For usual tab-flap chord ratios of about 0.2, the
data of reference 7 may be used to show that

651_-,
Cy,8¢
= 0.
382 /5,5,

Table IT of reference 21 indicates that for aspect ratios
in the vicinity of A = 6

<é Chf ) (5 Chf | :
o)
Of a,at aﬁf a,ﬁt

65f>

(1,51;

= 0.50

and figures 12 and 11,7 of reference 2 indlcate that

6chf
éﬁf

a, 6t

(ﬁchf
(351; )

a,br

= 1.0

A reduction of about 20 percent can therefore be expected
in tab hinge-moment effectiveness when correcting infinite
aspect-ratio results to a. finite-aspect ratio of about 6.
The aspect ratios -of the model configurations of table I
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generally vary through only a relatively small range so
that the difference resulting from changes in aspect
ratio btetween the values of the tab hinge-moment effec-
tlveness for these models will.generally be much less
than 20 percent and can be neglected.

For partlal-span tabs the effects of aerodynamic
induction in reducing the load over the tab and flap are
partly compensated by the load induced by the tab on the
part of the flap located at the sideés of the tab. The
aspect-ratio corrections, therefore, are probably greatest
for full-span tabs.

échf . s . .
The values of uvsed in the analysis
E)Gt :
. Qa 5f
were, except when otherwise stated, measured at approxi-
mately zero angle of attack and flap deflection. Thease
values can be expected to represent the tab effect in =
tab-deflection range of approximately +10 degrees. When
t§8ts were made with the tab 11nked to. the flap,
Cn,
3 ﬁ) was - determined by means of the squation
Ot a,6¢

already presented for the hinge moments of a flap with a
linked tab.

RESULTS AND DISCUSSION

The results of the analysls are presented in two
parts as follows: (1) a correlation of the data sultable
for quantitatlive analysis iIn a form useful for design
purposes, and (2) a collection of the remaining data in
a form that indicates the dlrection and general magnitude
of the effects resulting from changes in the remaining
varliables. .

quantitative Analysils

The correlation consisted mainly in the - determination
of emplrical relationships to represent the varlation of

the tab hinge-moment effectiveness — with flap
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snd tab chord, with control-surface balance, and with
trailing-edge angle. Section data for -only one trailing-
edge angle were available in sufficient quantity to
determine the variation of the tab hinge-moment effec-
tiveness with flap chord. The assumption that this
expression applies also to the finite-span data, regard-
less of tralling-edge angle, made 1t posslible to determine
an expression for the varlation with tralling-edge sngle
by iteration. This expression was then assumed to apply
also to section datsa.

. Effect of flap chord.- Figure 1 shows data from fig-
ure 17 of reference 2 on the variation of the section
tab hinge-moment effectiveness with flap-airfoll chord
ratlo and tab-flap chord ratlo. These data are not cor-
rected for the effects of tunnsel walls. For the tab-flap
chord ratios shown in figure 1, the following empirical -
expression, which would reduce the family of curves to
one basic curve, was determined-

~0.69 :
S Cr
K,' =1+ 0.51 \cf - (1)

Dividing the measured values of the section tab hinge-
moment effectiveness by ‘Ke! represents an extrapolation
to a basic curve 3, which is also shown in figure 1.
The variation of the section tab hinge-moment effective-~
ness for any flep-girfoil chord ratio c¢en now be written

6th 3
: = K.'8 (2)
98¢/ S

:5f

If equation (2) 1s assumed to apply in three-
dimensional flow, the hinge-moment coefficients must be
based only on the span of the control surface occupied
by the tab and on the root-mean-square chord of this same
part of the control surface. The hinge-moment coeffi-
cients can be based on these quantities as follows:
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8¢ Te®

where

Kt =
b fEfZ

Effect of bhalance.- Because the data of figure 1
apply only to control surfaces wilthout balance, an expres-
slon representing the éffect of balance must be inserted
in egquation (3) as followss

6Chf
—(;5—— = KKK "B (L)
t a,bp :
where
Ps c
dc : cp
o8
t Q,Gf
te - o .
The term .§—~ .corrects for that part of the overhang
o > el = L
£
which contributes no balancing moment. The factor
P . _ N __
3 ot is the ratio of the effectlive pressure over
Cre
o (320)
S
e

the baleaurce to a fictitious rectangulerly distributed
effective pressure over the flap. Calculations based on
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the pressure distributions of figure 140 of reference 2
showed this ratio to depend vrimsasrily on the tab-flap
chord ratio. A falirly consistent but rather .small varia-
tion with flap-airfoil chord ratio was slso noticed. In
the range of teb-flap chord ratio considered (0.1 to 0.5)

P5t

a single curve was faired that would—represené

dc
2<ahf
Gt a, 5f
(accurate to about 16 percent) for any flap-airfoll chord

ratio. This curve 1s shown in figure 2, together with
test-points from force tests of two models. Because the

entire term [(: :) (j j) ] is usually small compared

with 1, evaluation of for each tab-flap
o}
t a,ﬁf
chord ratlo from figure 2 was not considered necessary.

c :
The value of 0.85 at -t = 0.25 (approximately the aver-
c

hig
age tab-flap chord ratio of the tabs tested) was used to

obtain values of K, from equation (L) .

Determination of trailing-edge- angle factor and:
revised basic curve from finite-span data.- Relerence 5
indicates that the eifects of changes in airfoil profile
shape on control-surface hinge-moment characteristlcs can
be accounted for largely in terms of the airfoil trailing-
edge angle. This result led to the assumption that the
effects of changes 1in airfoil profile shape on the tab
hinge-moment effectiveness might also be accounted for
largely in terms of the alrfoll trailing-edge angle, and
a study was therefore made of the avalleble tab data.

Phis study indicated that, for & model under given test
conditions, profile modifications increasing the ‘trailing-
edge angle caused a decrease in the tab hinge-moment
effectiveness. Equation (lj) was used to reduce the
finite-span tab date for all models to the same nondimen-
sional form, bslance chord, and flasp chord. From the
various trailing-edge angles tested, a factor Ky was
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determined to account for the varlation of tab hinge-
moment effectiveness with Lrailing edge angle. Eguea-
tion () was then written

<T> T SENE (5)

A comparison of the data and equation (5) ‘showed that the
variation of @ presented in figure 1 did not represent
the available finite-span data; therefore, ¥y and B

(a revised basic curve) were unknown and had to be deter-
mined by iteration. The following emplrical expressions
resulted: - :

Ky = 1.3 - 0.026¢ (6)
<°t 0.72 .
B = ~0.022 { — , (7)
C’_’f‘ )

Plots of these equations, with test points from the
available finlte-~-span data, are. shown 1n figures 3 and I,
respectively.-

In order to give some lndication of the comparison
of two-dimensional force-test data with the pressure-
distribution data of figure 1, the avallable force-test
data obtained from model configurations described in
table IT are shown in figure 1. These data were reduced
to a form corresponding to the basdlc curve {. The
tralling-edge-angle factor deduced from finite- span date
was assumed to apply. _

Substituting B for .# and inserting the tralling-
edge-angle factor permits equation (L) to be written

<éch€> - :f .72 o
— = -0.022 KyKyK¢K, )
ébt o, bp ' g baE
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ST e 0.72 _
An examinatlion of the product K¢ EE€> s Wwhich

069cf 072
EENORIE

showed that, if an average of fhe numerical values of the
exponents of . cy/cp is taken as 0.70, this product can

be simplified to

e \O .70
Ko = /;— + 0. 51(: j>

cr
1 am——
°r

This approximation was found to - be sufficiently accurate;
therefore, equation (8) can be written .

| 6_0_1_1£ = -0.022 KﬁbeK_chq—t (9)
36y | ) 4 :

equals

where

‘s

The ratio q¢/qa- is lnserted to account for any differ-

ences that may exist between the dynamic pressure of the
air stream in which the tab is located and the dynamic
pressure on which the coefficlents are based, such as 1in
the case of a tall surface in the propeller slipsatream.

Final correlation.- The final correlation of the
available Tab data based on equation (9) is presented in
figure 5, which indicates that the tab hinge-moment
effectiveness can be estimated from thée geometric
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characteristics of the tab-flap-eirfoll combination by
use of equation (9).

The determination of the quantities expressed by
equations (6) and (7) was made rather difficult by scatter
caused by boundary-layer changes resulting from changes
in transition location, flap gap, turbulence, and Reynolds
number; furthermore, in every case, insufficlent data
were avallable to determine gquantitatively the effect of
these wvarilables for inclusicn in the correlation. For
this reason equations (6) and (7) probably do not give
the exact magnitude of the effect but, since both egqua-~
tions introduce only relatlively asmall changes from the
orlginagl pressure-distribution deta, they were considered
satisfactory. An examination of table I shows that about
90 percent of the availsble finite-span tab data was for
sealed tab gaps. The correlation can therefore be con-
sidered as based on the tab-gap-sealed condition.

Spscial case of thin attached tabs.- Tabs are fre-
quently applied to control surfaces simply by attaching
a plece of sheet metal that extends behind the trailing
edge. Characteristics of such attached-tab model con-
flgurations are included in table I. Values of the flap-
airfoil chord ratio and the tab-flap chord ratio are based
on airfoll and flap chords extended by the chord of the
tab. By uze of these values of the flap-airfoill and tab-
flap chord ratios with the trailing-edge angle of the
airfoll in equation (9), the attached-tab results were
found to agree reasonably well wlith the previous corre-
lation of results for inset tabs as shown Iin figure 5.

It should be remembered that when an attached tab

: ) 6Chf
i1s applied to a control surface, ~
o %a /54,8
£:%
échf
and | —— change somewhat as a result of the
éﬁf . - " '
a,8 :

altersed chord and trailling-edge angle.

Plight data.- Flight data are avallable for several
tabs Ii.5called on elevators. The characteristics of
these tabs are shown in table III. PFigure 6 shows data
typical of the flight measurements from configuration 2,
table ITIT. These data show that as the 1ndicated airspeed
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decreases, the tab hinge-moment effectiveness increases
for climbing flight and decreases for gliding flight -
the lncrease for climbing flight probably resulting from
increasing qt/q caused by the propeller thrust and the

decrease in gliding flight resulting from decreasing qt/q

caused by the airplane drag and the windmilllng propeller.
Values of tab hinge-moment effectiveness to be compared
with the correlation were therefore taken at high speeds
(for example, 300 mph in fig. 6) where the decrease

in 4q+/q4 caused by drag is approximately offset by the

increase caused by the propeller so that 1t can be assumed
o] .

that —f = 1. These values of the tab hinge-moment effec-~
q :

Tiveness were found to compare favorably with those indi-
cated by equation (9) as shown in the following table:

éChf
o) ¢

Configuration |- a,bp
Equstion (9) 1 Flight
1 -0.0033 ©-0.0028
2 -.0029 -.00
ﬁ - .00l -.00
-.005 -.0051
5 -.0021 -.0020 .

3]

Figure 5 shows that the agreement of the flight data with
equation (9) is as good as that of the wind-tunnel data. -

Qualitative Analysis -

The qualitative analysis deals chiefly with the
parameters that vary the tab hinge-moment effectiveness
by changing the boundary-layer thickness over the tab.
The effects of transition location, surface condition,
gap at hinges, Reynolds number, turbulence, flap deflec-
tion, angle of attack, and compressibility ars briefly
discussed. N :
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Effect of transltion location.- A decreased tab
hinge-moment effectiveness would be expected to result
from thickening the boundary layer by moving the transi-
tion forward. Such a decrease in effectiveness is shown
in figure 5 by the available data on transition location.
The so0lld symtols shown correspond to data for the same
models as the open aymbols of the same shape except that
the transition has been moved forward approximately as
indicated by table I. These data indicate that with air-
folls having surface condltion such that transition 1s at
approximately maximum thickness, reductions in the tab
hinge-moment effectiveness odcur as a result of moving
the transition to the vicinity of the leadlng edge. For
airfolls having a well-defined low-drag range & sudden
change in the tab hlinge-moment effectiveness can therefore
be expected at flap deflections and angles of attack
corresponding to the limits of the low-drag range.

Effect of syrface condition.- Roughness will lead to
a decrease in tab hinge-moment effectiveness when its
addition causes the transition to move forward. TUnpub-
lished data indicate that, even when extensive laminar flow
1s not realized, an appreciable increass in boundary-
layer thickness will result from the addltion of roughness
in the turbulent boundary layer; consequently, a corre-
sponding decrease in tab hinge-moment effectiveness will
occur,

Effects of flap and tab gaps.- The effects on tab
characteérlgtics of gap at tab and flap hinges result from
& tendency of the flow induced through the gap bty tab
deflection to change the boundary layer over the tab,

The data of reference 3 on the effect of flap gap (fig. T)
indicate that, in the usual range of flap £ans

(0 to 0.005c), the tab hinge-moment effectiveness
decreases with increasing gap. Figure 140 of reference 2
indlcates that the pressure resulting from tab deflection
at the tab hinge may be, for tab-flap chord ratios com-
monly used, three to five times that at the flap hinge.
Much 1arger reductions of the. tab hinge-moment effective-
ness- are therefore to be expected from unsealing the tab
gap than from unsealing the flap gap. The only compsarable
data on the effects of tab gap are obtained from tests of
models 1ll{(a) and11l{p) (table I} and show that unsealing

a 0.0016c gap reduced the tab hings-moment effectiveness
about 20 percent. Less reliable datad indicate the possi-
bllity of even larger reductions. Tab gaps obviously
should be sealed.
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Effect of Reynolds number.- Incredsing the Reynolds
number has two effects on the boundary layer. First,
increasing the Reynolds number tends to thin the boundary
layer with the result that the tab hinge-moment effec-
tiveness is increased. Second, as the boundary layer
becomes thinner the size of roughness particles or surface
irregularities on the airfoil effectively increases rela-
tive to the boundary-layer thickness, so that a Reynolds
number is reached at which the roughness causes the
transition to move forward. This forward movement of the
transition with consequent increase in boundary-layer
thickness at the trailing edge results in a decreased
tab hinge-moment effectiveness. The tab hinge-moment
effectiveness may, therefore, elther increase or decrsase
with Reynolds number. Whether an increase or a decrease
occurs depends on the range of Reynolds number under
consideration and on the surface condition of the asirfoil.

Effect of turbulence.- Decreasing the turbulence in
the alr stream over the tab-flap-alirfoil combination
tends to result in a more extenslve laminar-flow region.
A thinner boundary layer over the tab with a corresponding
increase in the tab hinge-moment effectiveness can thers-
fore be expected.

Effect of flan deflection and angle of attack.- The
tab hinge-moment elfectivensess data used thus far in the
analysis have been measured at zero flap deflection and
approximately zero angle of attack. For control-surface
deflections other than zero the tab hinge-moment effec-
tiveness appears to become somewhat discontlnuous
at & = 0°, with the result that two values of the
ef fectiveneas are obtained for each flap deflectlon - one
corresponding to negative and one to positive tab deflec-
tions. Figure 8 shows typical variatlons of two such
values of the tab hinge-moment effectiveness with flap
deflection and indicates that control-surface deflection
decreases the effectiveness of thé balanclng tab (5f
and 68t -having opposite signs) and increases the effec-
tiveness of the unbalancing tab (8¢ and 6t  having like
signs). The effect shown in figure 8 increassed with
forward movement of the transition and the corresponding
increasing boundary-layer thickness. An investigation of
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the effect of amall angles of mttack on the tab hinge-
moment effectiveness did not lead t> uny consistent
results. Flgure 9, which shows the increment of control-
surface hinge-moment coefficlent corresgonding to posi-
tive and negatlve tab deflections of 10Y (reference 10)
was included, however, because it. indicates that a tab may
retain a pecasonsble part of its hinge-moment effective-
ness through and beyond the stall.

Effeet of compressibility.- Because of the increased
boundary-~layer thicimess assoclated with Mach numbers
approaching the critical, a decrease in tud hinge-moment
effectiveness is probably to be expscted as the Mach num-
ber Ilncreases. gSuch a decrease is shown for model 20
(table TI) in figure 10. Figure 11 shows the variation of
hinge-moment coefficlent with control-surface dsflection
for an alleron-tab combination having two linkage ratios
end at different Mach numbers. The most Important indl-
cation of the data of figures 10 and 11 is that a tab may
retain a relatively large part of its effectiveness
through the subcriticel range of Mdch number.

DESIGN PROCEDURE

In orcder to design a tab to produce a desired. change
in the hinge-moment characterlstiés of a control surface
equation (9), which gives the change in control-surfacse
hinge moment per degree tab deflection, can be used; thus,

OCh

£ _ Q¢

<‘g’g"‘> = -0.022 Kg Kb Kt KO -E-
t a,8p ' '

Figure 12 pressnts a diagram of a typical tab-flap-sirfoll
combination, on which are defined the parameters that
determine the numerlcal values of the factors Kg, Ky s

Ky &and K,. These parameters may be used'to_determine Kﬁ
from the equation

Rg = 1.3 - 0.026¢
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or from figure 3. 'Thg_factor K¢ 1s given by

2
_bt/cf

K
7 bp ce

and can be evaluated from figure 13(&) The factor K,

is. given by
0. 70 c
() 51 oL
c

and can be svaluated from figure 13(b). The factor . Ky
is given by

@@

and can be svaluated from figure 15(c). The factor qt/q

1s the ratio of the dynamic pressure of the alr stream
over the tab to. the dynamic pressure on- which the hinge-
moment coefficients are based.

CONCLUSIONS

The analysis of the available data on the effect of
tabs on control-surface hinge moments indlcated the fol-
lowing conclusions:

1l. The effects of a tab on control-surface hings
~moments can be estimated with a reasonable degree of
accuracy from geometric characterlstics of the tab-flap-
airfoil combination.
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2. The tab linge-moment effectiveness 1s reduced by
increaslng the tralling-edge angle or by any alteration
of the airfoil surface condltion or of the alr stream,
such a3 moving the transition forward, roughening ths
surface, or increasing the turbulence, that tends to lncresse
the boundary-layer thickness nesr the tralling edge.

3. The tab hinge-moment effectiveness may either
increase or decrease with Reynolds number. Whether an
increase or a decrecase occurs depsnds on the range of
Reynolds number under conslderation and on the surfacs
conditlon of the alrfoil.

li. Gaps at flap and tab hinges reduce the tab hinge-
moment effectiveness and the reduction resuliting from tab
gap generally is so lerge as Lo make seals advisable.

5. A reasonable part of the tab hinge-moment effec-
tiveness may prevall through and beyond the stall.

6. The tab hinge-moment effectiveness decreases with
control-surface deflectlon for a balancing tab and
increases with deflection for an unbalanclng tab.

7. Increasing the Mach .number probably decreases the
tab hinge-moment effectiveness; however, a relatively
large part of the effectiveness may be retained through
the suberltical range of Mach number.

Langley Memorial Aeronautical Laboratory
National Advisory Commlttsess for Asronsautlces
Langley Pield, Va., April 22, 1946
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